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In a previous paper the  chemical and ~immunological relationships 
of the serologically active substances in extracts of hemolytic strep- 
tococci were discussed.  The characteristics of the protein  fractions, 
both  type-specific and non-type-specific, were considered (1).  The 
protein nature of the type-specific substance  (M) was supported by 
its high nitrogen content (14 per cent), by its precipitation with protein 
precipitants, by its loss of activity on removal of the NH, group, and 
by its  rapid  and  complete digestion with pepsin  and with trypsin. 
Attempts to immunize rabbits with it after separation from the bac- 
terial cell were unsuccessful.  The so called nucleoprotein fraction (P) 
gave cross-reactions with nucleoproteins from related bkcterial species 
and stimulated the production of antibodies in rabbits.  The presence 
of another non-type-specific protein fraction (Y) was suggested by the 
cross-reactions of certain extracts consisting chiefly of the type-specific 
M.  These  cross-reactions disappeared  on  digestion with pepsin  or 
with trypsin.  This substance was, however, distinct from the nucleo- 
protein P  since no  cross-precipitation reactions were obtained with 
anti-P sera.  It was not isolated but was only obtained in association 
with the type-specific protein. 
The present paper is concerned with the species-specific  substance, 
which Hitchcock first  described  as  a  "residue  antigen  ~'  (2).  This 
report also contains a discussion of the data concerning all these sero- 
logically active substances, including those described in the preceding 
paper  (1). 
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It was desirable to collect and purify enough of the species-specific 
material,  called  the  C  substance,  to  determine  its  chemical  nature. 
It exhibited  an  apparent chemical similarity to  the  specific carbohy- 
drates  of  pneumococci  (3),  and,  like  these  substances,  it  formed  a 
typical disc precipitate with  antibacterial  sera;  but,  unlike  the poly- 
saccharides  of  pneumococcus  and  other  bacteria  studied  from  this 
point  of  view,  it  was  not  type-specific but formed precipitates  with 
antibacterial  sera made from hemolytic streptococci of all types.  It 
was  present  in  every  kind  of  extract  of  hemolytic  streptococcus. 
Since it was not precipitated to any extent by the addition of three or 
four volumes of 95 per cent alcohol or with acetic acid, the supernatant 
fluids of all extracts used  for the preparation  of the protein  fractions 
(1)  were  saved for the isolation of C,  which  was  separated  as far as 
possible from the  accompanying impurities. 
Methods. 
The antisera used in the following experiments were prepared as indicated in the 
preceding paper (1).  While  almost all antibacterial sera contained a  moderate 
concentration of C antibodies, occasional  sera from rabbits immunized for long 
periods were exceptionally potent.  Intensive immunization seems required  for 
the production of sera with a high titer of C antibodies.  Hitchcock (2), who pre- 
pared numerous antisera of this sort, used very large doses of heat-kiiled culture 
in immunizing his rabbits. 
The solutions  which had been saved for the preparation of C were neutralized 
and concentrated to dryness, or to a small volume, in vacuo at a temperature not 
exceeding 37°C.  After concentration enough distilled  water was added to dissolve 
the salts; insoluble substances were discarded,  and 3 volumes of 95 per cent alcohol 
were added to remove some of the protein.  After standing overnight in the ice 
box,  the  precipitate  was  thrown  down  in  the  centrifuge  and  discarded.  The 
supernatant fluid was again concentrated in vacuo and was dialyzed in a collodion 
sac  against running water until most of the salts were removed.  The C substance 
dialyzed through parchment membranes and also through  collodion  sacs which 
were impermeable to pneumococcus and to green streptococcus specific carbohy- 
drates, but its passage was prevented by less permeable collodion sacs with the 
result that only an insignificant  loss of active material was sustained in dialysis. 
When  tests for chlorides  were negative, the solution  was again concentrated in 
~acuo,  and sodium acetate in the proportion of 20 gin. per liter of solution together 
with 20 volumes of 95 per cent alcohol were added.  This was left on ice overnight 
and  the  precipitate  removed by  centrifugation.  The  supernatant  fluid,  con- 
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hence it was discarded.  Lower concentrations of alcohol did not precipitate all 
of the C.  The precipitate was freed of alcohol by evaporation and taken up in 
16 cc. of distilled  water; 0.6 cc. of 1 :I HCI was added; and a heavy precipitate, 
formed in  the cold,  was  removed by centrifuging.  The supematant  fluid  was 
made strongly alkaline  with NaOH and the gelatinous  precipitate which formed 
was removed.  Since precipitin tests showed that neither the acid nor the alkaline 
precipitates contained much C, they were discarded.  A second 20 volume alco- 
holic precipitate was made,  followed by precipitations with acid and alkali as 
before;  the  acid  and  alkaline  precipitates  were  discarded.  This process  was 
repeated four or five times until the addition of acid and of alkali no longer pro- 
duced a precipitate; the solution was then neutralized and 2 volumes of 95 per cent 
alcohol were added.  A gummy, deep yellow precipitate separated out, leaving 
only a small proportion of coloring matter in the supematant fluid, from which, 
after concentration, a  second  2 volume alcoholic precipitate removed still more 
gummy, yellow  material.  The two precipitates were combined,  redissoived, and 
reprecipitated with 2 volumes of alcohol.  Since the resulting precipitate did not 
contain much C, it was discarded.  The C was precipitated from the combined 
supematant fluids by adding 20 volumes of alcohol; it was redissolved in distilled 
water and further purified by another removal of gummy, yellow substances  by 
precipitation with 2 volumes of alcohol  This process was repeated until no more 
precipitate resulted after the fourth addition of 2 volumes of alcohol.  The reaction 
of the solution  was  adjusted to pH 9,  and absolute alcohol was  added until a 
precipitate began to form.  After standing overnight in the ice box, this precipi- 
tate was removed and was found to contain all of the C.  After two such precipi- 
tations, the precipitate was dissolved in a small volume of distilled water, made 
acid by the addition of a drop of 1: I HCi, and dialyzed against running tap water 
for 48 hours and then against frequent changes of distilled water for 48 hours more. 
The solution  was then concentrated in vacuo and thrown into a large volume of 
acetone.  The resulting precipitate was dried and stored in a vacuum desiccator. 
Since  the  yield  after  so  much  manipulation  was  very small,  the 
chemical data are meager.  The final product was a  fluffy white pow- 
der, which readily yielded a  colorless solution in distilled water.  The 
ordinary protein color tests with such solutions were negative, and the 
Molisch  reaction  was  positive to the  limit of the  titer in the precipi- 
tin  test.  The optical rotation of one preparation  (from Strain  $23) 
before the final purification was -  33  °.  After the removal of additional 
impurities, the optical rotation was the same.  This indicated that the 
impurities  removed were optically inactive  and  that  the  true  figure 
for the active material was very much greater than the one obtained. 
Since the final yieM from this lot was only 5 rag., no further determina- 
tion of the optical rotation was made.  The micro-Kjeldahl and the 484  STREPTOCOCCUS  H~MOLYTICUS.  HI 
quantitative  carbohydrate  determinations  for  this  preparation  were 
also unsatisfactory on account of the small amount of material.  For 
another lot  (from Strain $43) with a yield of 20 mg., the micro-Kjel- 
daJal showed 4.2 per cent nitrogen and the carbohydrate determination 
showed on hydrolysis 28 per cent reducing sugar, calculated as glucose. 
Whether this large  amount of nitrogen was an impurity or a  part of 
the C substance cannot be stated without more material.  It is inter- 
esting to note in this connection that the Type I pneumococcus specific 
substance has 4  to 5 per cent of nitrogen,  apparently  as an essential 
TABLE  I. 
Precipitin  Reactions. 
Non-Type-Specific  Reactions oJ the Purified C Substance, the Probable Carbohydrate. 
Antigen (tested against) serum 
C from  R446 agMnst 
Strain $43, Type S6O.  Strain $3, Type S3. 
Final dilutions  0.1 co. 
8,000 
16,000 
32,000 
64,000 
128,000 
256,000 
512,000 
1,024,000 
2,048,000 
++~ 
+++ 
+++~ 
+++~ 
+++ 
++ 
+ 
Antigen (tested against) serum 
C from  R446 against 
Strain S23, Type  S23.  Strain S3,Type S3. 
Final dilutions  0.1 ec. 
10,000 
20,000 
40,000 
80,000 
160,000 
320,000 
640,000 
1,280,000 
2,560,000 
5,120,000 
+++~ 
++++ 
+++± 
+++~ 
+++ 
++± 
+~ 
+ 
component of the specific polysaccharide, and only 28 to 31 per cent of 
reducing  sugars on acid hydrolysis (4).  While this  similarity  to the 
figures obtained  for a  single  small  preparation  of C  from hemolytic 
streptococcus may not be significant,  it is noteworthy that  a  specific 
polysaccharide of this  composition is already  known.  These  two C 
preparations were used in the anaphylaxis experiments to be reported 
in  a  succeeding  paper  and  are  discussed  again  in  that  connection. 
Their precipitin reactions are given in Table I. 
Experiment  I.--A  series of dilutions of each of the  C substances  described 
above was tested  by means of the precipitin  reaction  against  an  antibacterial 
serum especially potent in C antibody, as shown in Table I. ~.  c.  I~NCV.FIELD  485 
The immune precipitates  obtained with these  non-type-specific C 
substances  and antibacterial sera were always typical discs,  such as 
have been described for the type-specific carbohydrates of other species 
(5).  The serum used in this experiment had an especially high titer of 
C antibodies as shown by the good precipitates which both C prepara- 
tions  gave  in  dilutions  of  1:1,000,000  with  stronger  reactions  in 
higher concentrations of C.  As usual with these substances, a marked 
prozone  was present,  so  that  still greater  concentrations of  C  gave 
only  negative  results.  The  cross-reactions  within  the  species  of 
hemolytic streptococcus obtained by Hitchcock (2)  were confirmed in 
the present experiment, as shown by the cross-reactions of three dis- 
tinct types of hemolytic streptococci: the C  substances were derived 
from Types $60 and $23, and the serum was prepared against a  Type 
$3  strain.  It is unnecessary to record the numerous precipitin tests 
performed with other  C  preparations  and  other  antisera,  since  this 
experiment is typical of the non-type-specific C  reactions. 
The C substance did not precipitate sera prepared against the other 
commonly reactive fraction, the nucleoprotein P. 
The effect of tryptic and of peptic digestion on the C substance was 
determined since these enzymes digested the type-specific M  so easily. 
Experiment 2 was carried out for this purpose. 
Experiment 2.--Fairchild's pepsin and trypsin were made up in 4 per cent solu- 
tions,  the pepsin  in salt solution  and the trypsin in phosphate  buffers.  The 
pepsin was made sufficiently acid with HCI to turn Congo red paper blue, and the 
trypsin was made just alkaline to phenolphthalein with NaOH.  Samples of each 
were heated for 10 minutes in a boiling water bath for use with the controls.  A 
highly active  C  solution  of undetermined  concentration  from Strain $23, Type 
$23, was mixed in equal parts with active and with heated pepsin and with active 
and with heated trypsin and incubated at 37°C. for 3 days with toluene as a preser- 
vative.  The reaction was kept approximately constant throughout the experiment. 
Precipitin  tests made daily showed that no change in titer had occurred by the 
end of the 3rd day; hence concentrated  M extract was added in order to test the 
activity of the enzymes.  The mixtures  containing active enzyme were divided 
into two equal parts, and one part was heated for 10 minutes in a boiling water 
bath to inactivate the enzyme.  Equivalent amounts of M extract  from Strain 
$43, Type  $60, were added to each tube, and the incubation at 37°C. continued. 
After 24 hours the digestion of M with trypsin was not quite complete, but diges- 
tion with pepsin  was complete.  The peptic digestion was therefore terminated 
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digestion was continued  for another 24 hours,  at which time the precipitin test 
showed that digestion  of M was practically complete and this digestion  was also 
terminated by inactivating the enzyme with heat.  The total time of  exposure 
of the C substance to active pepsin was 4 days, to active trypsin 5 days.  The 
solutions were  neutralized,  cleared  by centrifugation,  and tested by setting up 
precipitin tests with antibacterial sera, one of which was potent in M antibodies, 
the other in C antibodies.  Table II shows these reactions. 
TABLE  II' 
Precipitin Reactions. 
Effect of Peptic and of Tryptic Digestion on tke C Substance. 
Antigen: Digestion mixtures consisting of C from Strain S 23,~Typ¢  S 23, and M from Strain S 43, 
Type S 60 
Anti-C serumt  Anti-M serum  S 
(to test digestion of C)  (to test digestion oI M) 
Antigen  dilutions  I: 
Undigested control  Peptic digest  Undigested control 
Peptic digest  with heated pepsin  with  heated pepsin 
2 
4 
8 
16 
32 
+4- 
++ 
++.4- 
++ 
+4- 
++ 
++± 
++ 
D 
B 
D 
+++** 
+++:i: 
+++ 
++4- 
++ 
Undigested control  Undigested control  Tryptic digest  with heated trypsin  Tryptic digest  with heated trypsin 
2  +*  +*  q-  +++** 
lO  ++  ++  +4-  +++ 
40  ++  ++  +4-  ++ 
160  +  +  +  + 
t Serum Q696 was against Strain New York 5, one of Dr. Dochez' scarlatinal 
strains, and was potent in non-type-specific C antibody. 
~t Serum Q868 was against Strain S60, Type $60, and was potent in M  antibody 
for that type, but lacking C antibody. 
*These were disc precipitates, characteristic of C reactions. 
** These were flocculent  precipitates, characteristic of M  reactions. 
At the end of the digestion experiment, all tubes contained mixtures 
of M  with C, since the former was added to control the activity  of the 
enzymes  during  their  contact  with  C.  All  mixtures  were  tested 
against both kinds of antiserum in order to detect the presence either of 
M  or of C.  Table II shows that pepsin did not digest C during a 4 day R.  C.  LANCE~IELD  487 
exposure, although the enzyme had not lost its activity, as proved by 
complete digestion of M  added on the 3rd  day  of the experiment. 
The same kind of result is shown for the tryptic digestion experiment 
in the lower part of Table II.  The trypsin had lost some of its activity 
in the course of the experiment, as indicated by the slow rate of diges- 
tion of the M  added on the 3rd day and by the failure to digest this 
substance completely even after 48 hours contact.  The greater part 
of the M  was, however, digested; but the C was unaffected since no 
difference in the precipitin tests was detected in the active and the 
inactivated trypsin digestion mixtures.  The failure of trypsin and of 
pepsin to digest the C substance during a prolonged exposure is con- 
vincing evidence that this substance is not an ordinary  protein,  al- 
though it does not eliminate the possibility that C might be  digested 
by some other protein enzyme.  However, this resistance to digestion 
together with the available  chemical data increases the  probability 
that the non-type-specific C substance in this species is a carbohydrate. 
No extensive direct evidence is available that C in extracts is non- 
antigenic.  No rabbits immunized with extracts for other  purposes, 
however, have ever produced antibodies against C. 
DISCUSSION. 
This discussion includes a consideration of the chemical and immun- 
ological relationships of all the antigenic substances so far identified 
in extracts of hemolytic streptococci, and covers the data presented in 
both the preceding and the present papers which have shown a com- 
pUcated structure of antigens in the hemolytic streptococcus.  There 
have been demonstrated at least two non-type-spec~c substances in 
extracts of hemolytic streptococci, one protein and one probably car- 
bohydrate,  in  addition  to  the  type-speci~c  fraction.  This  type- 
specific fraction  (M),  first detected by the use of antibacterial  sera 
absorbed with heterologous hemolytic streptococci, is undoubtedly a 
protein.  This.is shown by its method of preparation, by its high nitro- 
gen content in the form of protein nitrogen, and by the loss of activity 
associated with removal of the NH~ group.  In addition, the fact that 
it is easily digested by trypsin in alkaline or in neutral solution and by 
pepsin  quite  definitely proves  its  protein nature.  In  view  of  this 
finding, the failure to immunize rabbits with extracts containing this 48~  STREPTOCOCCIYS IL~MOLYTICUS.  III 
substance is perplexing.  The most probable explanation of this fail- 
ure seems at first that in the course of extraction the protein has been 
denatured to such an extent that it is no longer a functional antigen, 
although it is highly reactive in the precipitin test, a  behavior com- 
parable  to  that  of the type-specific carbohydrates of other species. 
The possibility that this result is due in the present case to denatura- 
tion has not been disproven; but the failure to immunize other rabbits 
with the acetic acid precipitate of simple saline extracts of pulverized 
bacteria offers some evidence that denaturation is not the cause of the 
non-antigenicity of  this protein.  Precipitin  tests  with  the  extract 
used to immunize these animals showed that the type-specific fraction 
(M)  was present.  The non-type-specific nucleoprotein (P)  was also 
present; and antibodies were readily produced against it.  Although 
the question of the antigenicity of the type-specific protein fraction 
must be left open for further work, the evidence presented suggests 
:that it is a haptene in Landsteiner's sense (6),  capable of reacting with 
:antibodies produced in response to injection of the bacterial cell but 
incapable of giving rise to antibody production after separation from its 
cellular complex.  Anaphylactic experiments, to be reported in another 
paper of this series, suggest the same thing.  Other bacterial haptenes 
have been described but they are all non-protein, for example, pneu- 
mococcus and Friedl~nder's bacillus specific carbohydrates.  Gay and 
Robertson (7), however, in 1913 worked with a protein, globin, which 
behaved immunologically in an analogous manner.  Globin alone did 
not produce any antibody response in rabbits although it reacted with 
antibodies produced on injection of the combination, globin-caseinate. 
It is, therefore, in the same sense a haptene. 
The species-specific fraction (C), first studied by Hitchcock, seems 
to correspond chemically and in the characteristic physical properties 
of its immune precipitate to the carbohydrates which in  some other 
species are responsible for the type-specific reactions.  Attempts were 
made to  prepare  sufficient quantities of this material  for  adequate 
chemical analyses, but large amounts of bacterial extract yielded such 
small fractions of active substance that  only meager  chemical data 
could be obtained.  Such tests as could be made indicated the prob- 
ability  that  the  so  called  C  substance  was  a  carbohydrate.  The 
failure of prolonged tryptic and peptic digestion to affect the precipitin R.  c.  LANCE~IE~D  489 
titer of this  substance  supported the supposition that  it was not a 
protein,  as did its passage  through parchment and through certain 
collodion dialyzing sacs.  Precipitin tests in the present experiments 
confirm Hitchcock's conclusion that  this  substance is entirely non- 
type-specific in  its  serological reactions.  It  is,  however, unrelated 
to  the non-type-specific nucleoprotein,  since  it  never  reacts  with 
antisera prepared against the nucleoprotein. 
The nucleoprotein antigen  (P),  described more fully in an earlier 
paper,  is even less specific  than the non-type-specific carbohydrate- 
like C substance and shows group relationships with nucleoproteins of 
related Gram-positive cocci,  such as the non-hemolytic streptococci, 
the pneumococci, and the staphylococci.  While such group relation- 
ships are marked, they are not absolute.  Nucleoproteins within the 
group of the hemolytic streptococci, on the other hand, seem identical. 
No attempt was made to separate the nucleoprotein into a  species- 
specific fraction and fractions reactive with other species,  although it 
seems possible that this could be done if the proper chemical methods 
were available. 
The nucleoprotein, P,  is  a  true  antigen and  stimulates  antibody 
production when injected into rabbits.  It differs in this respect from 
the other reactive fractions obtained from the hemolytic streptococcus. 
While insufficient material was at hand for exhaustive tests in regard to 
the antigenicity of the C substance, considerable indirect evidence was 
available that it could not induce antibody formation since the serum 
of no rabbit immunized with extracts of hemolytic streptococci  ever 
showed the slightest trace of reaction with purified C.  The  similar 
lack of antibody production on injection of the type-specific protein 
M  has  already been mentioned.  Thus, there are probably at least 
two  haptenes,  one apparently  carbohydrate and  the other protein, 
in the antigenic complex of the hemolytic streptococcus. 
The presence of still another non-type-specific protein fraction was 
suggested in certain of the extracts which, except for this impurity, 
consisted almost exclusively of the type-specific NI.  After purifica- 
tion of M from certain strains to such an extent that it gave only type- 
specific  reactions with most antisera, it persistently gave cross-reac- 
tions with occasional heterologous antibacterial sera, unless the sera 
were absorbed, as previously described, with  heterologous hemolytic 490  STREPTOCOCCUS  /t~MOLYTICUS.  III 
streptococci (1).  A study of the intensities and range of these reac- 
tions together with the fact that no reaction was obtained with potent 
anti-P sera strongly suggests the existence of still another non-type- 
specific substance.  Although digestion with trypsin and with pepsin 
shows that it is a protein, it evidently is a different protein from the 
non-type-specific nucleoprotein, P  Further evidence of its existence 
was obtained later by means of anaphylactic experiments. 
The present analysis of the antigens of the hemolytic streptococcus, 
therefore, indicates a  type-specific protein,  (M),  at  least  one  non- 
type-specific protein (the so called nucleoprotein, P), with the possi- 
bility of another less well defined non-type-specific protein  (Y), and 
finally a  substance (C) which is probably a carbohydrate and is specific 
for species but not for type.  The intact bacterial cell induces antibody 
formation against all these substances, but so far only the nucleopro- 
tein has been found capable of eliciting antibodies after disruption of 
the cell body. 
SISMMARY. 
I. The chemical and immunological  characteristics  of the species- 
specific  substance  (C)  of Streptococcus haemolyticus are considered. 
(a)  It seems to be a  carbohydrate because  considerably purified 
preparations of C resisted prolonged tryptic and peptic digestion and 
were negative for the ordinary  protein  color tests  but  gave positive 
Molisch reactions to the limit of the precipitin titer.  One such "puri- 
fied" lot, however, had 4.2  per cent nitrogen and only 28  per  cent 
reducing sugars on hydrolysis.  Whether the nitrogen was due to im- 
purities or was combined in the C  substance  itself, as is true of the 
Type I pneumococcus specific  polysaccharide, cannot be stated with- 
out more material. 
(b) The C  substance  forms  precipitates  with  antibacterial  sera 
prepared against heterologous, as well as against homologous hemoly- 
tic streptococci.  These precipitates are typical discs like those formed 
by type-specific carbohydrates of other species  of bacteria.  C  does 
not precipitate antinucleoprotein sera. 
(c) While there is only sl/ght direct evidence that the C substance 
is not antigenic, there is considerable indirect proof that this is the 
case.  It probably is a haptene in the sense of Landsteiner. R.  C.  LANCE~IELD  491 
2.  A  discussion  is  included  of  the  chemical  and  immunological 
relationships of all the serologically active substances so far identified 
in extracts of the hemolytic streptococcus. 
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